ABSTRACT: Direct or indirect methods can be used to determine the DE and ME of feed ingredients for pigs. In situations when only the indirect approach is suitable, the regression method presents a robust indirect approach. Three experiments were conducted to compare the direct and regression methods for determining the DE and ME values of barley, sorghum, and wheat for pigs. In each experiment, 24 barrows with an average initial BW of 31, 32, and 33 kg were assigned to 4 diets in a randomized complete block design. The 4 diets consisted of 969 g barley, sorghum, or wheat/kg plus minerals and vitamins for the direct method; a corn-soybean meal reference diet (RD); the RD + 300 g barley, sorghum, or wheat/ kg; and the RD + 600 g barley, sorghum, or wheat/ kg. The 3 corn-soybean meal diets were used for the regression method. Each diet was fed to 6 barrows in individual metabolism crates for a 5-d acclimation followed by a 5-d period of total but separate collection of feces and urine in each experiment. Graded substitution of barley or wheat, but not sorghum, into the RD linearly reduced (P < 0.05) dietary DE and ME. The direct method-derived DE and ME for barley were 3,669 and 3,593 kcal/kg DM, respectively. The regressions of barley contribution to DE and ME in kilocalories against the quantity of barley DMI in kilograms generated 3,746 kcal DE/kg DM and 3,647 kcal ME/kg DM. The DE and ME for sorghum by the direct method were 4,097 and 4,042 kcal/kg DM, respectively; the corresponding regression-derived estimates were 4,145 and 4,066 kcal/kg DM. Using the direct method, energy values for wheat were 3,953 kcal DE/kg DM and 3,889 kcal ME/kg DM. The regressions of wheat contribution to DE and ME in kilocalories against the quantity of wheat DMI in kilograms generated 3,960 kcal DE/kg DM and 3,874 kcal ME/kg DM. The DE and ME of barley using the direct method were not different (0.3 < P < 0.4) from those obtained using the regression method (3,669 vs. 3,746 and 3,593 vs. 3,647 kcal/kg DM, respectively). The direct method-derived DE and ME of sorghum were not different (0.5 < P < 0.7) from those obtained using the regression method (4,097 vs. 4,145 and 4,042 vs. 4,066 kcal/kg DM, respectively). The direct method-and regression method-derived DE (3,953 and 3,960 kcal/kg DM, respectively) and ME (3,889 and 3,874 kcal/kg DM, respectively) of wheat were not different (0.8 < P < 0.9). Results of these 3 experiments suggest that regression and direct methods do not give different estimates of DE and ME in barley, sorghum, and wheat for pigs.
INTRODUCTION
Production of high-quality pork requires the supply of nutritionally adequate feedstuffs in the right amounts to the pig. Attainment of this goal calls for careful evaluation and good understanding of the bioavailability of nutrients and energy in each feed ingredient formulated into a mixed diet. Energy available to pigs from a given feedstuff must be known to fully evaluate the significance of concentration, and energy utilization measurements are dependent on changes in amounts between feed and feces (plus urine). Therefore, dietary provision of adequate energy for efficient pig production is partly dependent on knowledge of the digestibility and metabolizability of energy and, consequently, the DE and ME contents of feed ingredients.
Given that a high starch content confers relatively high energy, barley, sorghum, and wheat are important energy feedstuffs used in swine diets. But there are differences in the amounts of energy provided by cereal grains, which underscores the importance of periodic evaluation of the energy values of cereal grains for pigs. The DE and ME in feedstuffs for pigs can be determined by either the direct method or the indirect method. There are reports of DE in barley, sorghum, and wheat determined using the direct method (Lin et al., 1987; Zijlstra et al., 1999; Yin et al., 2001; Nyannor et al., 2007; Cervantes-Pahm et al., 2014) . There are situations when only the indirect approach is suitable and the regression method presents a robust indirect approach, but there is a dearth of studies comparing the direct and regression methods. We hypothesized that direct and regression methods will not give different estimates of the DE and ME in barley, sorghum, and wheat. Therefore, the objective of this study was to compare the direct and regression methods for determining energy value of barley, sorghum, and wheat for pigs.
MATERIALS AND METHODS
All animal handling protocols and procedures used in these studies were approved by the Purdue Animal Care and Use Committee.
Experiment 1 (Barley)
Twenty-four crossbred barrows with an initial average weight of 31 kg were allocated to 4 dietary treatments in a randomized complete block design using initial BW as a blocking factor. The barrows were housed in stainless-steel metabolism crates that allowed for total but separate collection of feces and urine following the procedures of Adeola and Bajjalieh (1997) during a 5-d adjustment period followed by a 5-d collection period. Urine and fecal samples were collected daily during the collection period. The total volume of urine collected daily was measured and a subsample of 30% was collected and stored at -18°C. All the feces were stored at -18°C as they were collected, and all samples were pooled within pig at the conclusion of the experiment. The 4 dietary treatments consisted of 1 sole test diet that contained 97% barley, 1 corn-soybean meal reference diet (RD), and 2 test diets (TD). In the 2 TD, ingredients from the RD that yield energy were replaced by barley at 300 or 600 g/ kg in such a way that the ratios of energy-yielding ingredients were equal in the RD and the 2 TD (Table 1) .
Experiment 2 (Sorghum)
Twenty-four crossbred barrows with an initial BW of 32 kg were allocated to 4 dietary treatments as described above for Exp. 1 except that sorghum was used instead of barley (Table 1) .
Experiment 3 (Wheat)
Twenty-four crossbred barrows with an initial average BW of 33 kg were allotted to 4 dietary treatments in a randomized complete block design using initial BW as a blocking factor. All housing, management, feeding, collection, and sampling protocols 4 Provided 600 μg of Se (as sodium selenite) per gram of premix.
were as described above for Exp. 1. The 4 dietary treatments (Table 1) consisted of 1 sole test diet that contained 97% wheat, 1 RD, and 2 TD as described above for Exp. 1 except that wheat was used instead of barley (Table 1) .
Chemical Analyses
All the fecal samples and orts collected for each barrow were dried in a forced-air oven at 55°C to constant weight and ground to pass through a 0.5-mm screen using a mill grinder (Retsch ZM 100; Retsch GmbH and Co. K.C., Haan, Germany). Urine samples for each pig were thawed and thoroughly mixed, after which two 800-mL subsamples were filtered in 3 steps using glass wool and then dried in a forced-air oven. Dry matter analysis of samples was performed by drying the samples in a forced-air oven (Precision Scientific Co., Chicago, IL) at 105°C for 24 h (method 934.01; AOAC, 2006 
Calculations and Statistical Analyses
The DE, ME, N-corrected ME (ME n ) using a factor of 7.45 kcal/g of N (Harris et al., 1972) , and coefficients of DE, ME, and ME n of the diets were calculated as previously described (Adeola, 2001) . The DE, ME, and ME n in barley (Exp. 1), sorghum (Exp. 2), and wheat (Exp. 3) were determined by correcting the substitution rate for the energy contributions of basal ingredients and barley, sorghum, or wheat to the total dietary energy as described by Adeola and Kong (2014) . Energy utilization response data were analyzed as a randomized complete block design and contrasts were used to separate means. For each of 6 blocks, regression of barley-, sorghum-, and wheatassociated DE, ME, and ME n intake in kilocalories against kilograms of barley, sorghum, and wheat DMI for each pig was conducted using the SLOPE function of Microsoft Office Excel (Microsoft Corp., Redmond, WA). The 6 slopes generated for each of the DE, ME, and ME n in the barley, sorghum, and wheat studies were equal to the DE, ME, and ME n concentrations in kilocalories per kilogram DM. For the comparison between the direct method and the regression method, data were analyzed by the GLM procedure in a randomized complete block design using DE, ME, and ME n as the dependent variable and method (direct or regression) as the independent variable. Level of significance was set at 5% and trends were discussed when level of significance was within 10%.
RESULTS
Analyzed DM, GE, N, crude fat, crude fiber, ADF, NDF, Ca, and P of the barley used in Exp. 1 were 890 g/ kg, 3,996 kcal/kg, 15.9 g/kg, 15.7 g/kg, 55.4 g/kg, 62.9 g/kg, 194.2 g/kg, 0.8 g/kg, and 3.3 g/kg, respectively (Table 2) . Corresponding values for the sorghum used in Exp. 2 were 908 g/kg, 4,125 kcal/kg, 17.1 g/kg, 20.3 g/kg, 23.5 g/kg, 25.3 g/kg, 102.4 g/kg, 0.4 g/kg, and 2.7 g/kg, respectively. The analyzed chemical constituents of the wheat used in Exp. 3 were 883 g DM, 3,936 kcal GE, 15.21 g N, 16.6 g crude fat, 23.8 g crude fiber, 26.2 g ADF, 108.5 g NDF, 0.5 g Ca, and 2.9 g P per kilogram. Table 2 also shows the AA composition of barley, sorghum, and wheat used in the 3 studies.
Feed was provided at approximately 4% of BW during the 5-d adjustment and 5-d collection periods of each of the 3 the nutrient balance studies and, therefore, DMI was not affected by diet in any of the 3 studies (Table 3 ). In Exp. 1, digestibility and retention of DM and N linearly decreased (P < 0.05) as barley substitution into the RD increased from 0 to 600 g/kg. As sorghum substitution into the RD increased from 0 to 600 g/kg in Exp. 2, there were no effects on DM or N digestibility or DM retention, but there was a linear decrease (P < 0.05) in N retention. Similar to the observations in the sorghum study, wheat substitution into the RD in Exp. 3 did not affect DM or N digestibility or DM retention, but there was a linear decrease (P < 0.05) in N retention.
Intake of GE was not affected by barley substitution into the RD but there was a tendency (P < 0.1) for an increase in daily fecal GE output and an increase (P < 0.05) in daily urine GE output, all of which resulted in a linear decrease (P < 0.05) in daily absorbed and metabolized energy in Exp. 1 (Table 4) . The DE and ME of diets linearly decreased (P < 0.05) with increased barley substitution. The DE, ME, and ME n of the sole barley diet were 3,555, 3,481, and 3,413 kcal/kg DM, respectively. Given that the sole barley diet contained 97% barley, these translate to DE, ME, and ME n of 3,669, 3,593, and 3,522 kcal/ kg barley DM, respectively, by the direct method. In Exp. 2, sorghum substitution into the RD did not affect any of the response criteria for apparent utilization of energy (Table 4 ). The DE, ME, and ME n of the sole sorghum diet were 3,951, 3,896, and 3,827 kcal/kg DM, respectively. The DE, ME, and ME n of sorghum were 4,097, 4,042, and 3,968 kcal/kg DM, respectively, by the direct method. Substituting wheat into the RD did not affect daily GE intake, output in the feces and urine, or absorbed or metabolized energy. However, DE and ME of diets linearly decreased (P < 0.05) with increased wheat substitution. The DE, ME, and ME n of the sole wheat diet were 3,830, 3,768, and 3,704 kcal/kg DM, respectively ( Table 4 ). Given that the sole wheat diet contained 97% wheat, these translate to DE, ME, and ME n of 3,953, 3,889, and 3,823 kcal/kg wheat DM, respectively, by the direct method.
Comparative direct method-and regression method-generated DE, ME, and ME n values of barley (Exp. 1), sorghum (Exp. 2), and wheat (Exp. 3) for pigs are presented in Table 5 . The direct method-derived vs. regression method-derived DE, ME, and ME n were 3,669 vs. 3,746, 3,593 vs. 3,647, and 3,522 vs. 3,590 kcal/kg DM barley, respectively. Direct method-derived estimates were not different from regression method-derived estimates (0.3 < P < 0.4). For sorghum in Exp. 2, direct method-derived vs. regression method-derived DE, ME, and ME n were 4,097 vs. 4,145, 4,042 vs. 4,066, and 3,968 vs. 4 ,005 kcal/kg DM, respectively, with 0.5 < P < 0.7. The direct method-derived estimates vs. regression method-derived estimates were 3,953 vs. 3,960 kcal/kg DM wheat for DE, 3,889 vs. 3,874 kcal/kg DM wheat for ME, and 3,823 vs. 3,818 kcal/kg DM wheat for ME n , respectively (Table 5) . Again, these estimates from the 2 methods for wheat were not different from each other because 0.8 < P < 0.9.
DISCUSSION
The energy a pig utilizes from a feed ingredient may be determined directly with a diet formulated such that all of the energy is supplied by the test feed ingredient or indirectly with diets formulated such that energy supplied by other feed ingredients is substituted with the test feed ingredient. With the indirect approach, test feed ingredient energy utilization is calculated by difference, but multiple point substitution and regression-derived energy utilization is more robust than single point substitution. There is a dearth of studies comparing regression-derived energy utilization of the indirect approach with the direct approach. From the foregoing, we hypothesized that the energy utilized from feed ingredients determined directly will not be different from those determine indirectly by regression analyses in pigs.
The analyzed GE and nutrient concentrations of barley used in Exp. 1 of the current studies were 4,490 kcal GE, 112 g CP, 17.6 g ether extract (EE), 62 g crude fiber, 71 g ADF, 218 g NDF, 0.9 g Ca, and 3.7 g P per kilogram DM. Lin et al. (1987) reported similar component concentrations of 4,480 kcal GE, 20 g EE, and 70 g crude fiber per kilogram DM but greater CP of 152 g/kg DM. Other studies have reported, for hulled barley grown in Denmark (Lami variety) and Canada, 4,527 and 4,532 kcal GE, 135 and 123 g CP, 149 g NDF and 79 g ADF, and 26 and 19 g EE per kilogram DM, respectively (Jorgensen et al., 1997; Qiao and Thacker, 2001 ). For hulless Falcon barley, Baidoo and Liu (1998) reported 4,508 kcal GE, 145 g CP, 29 g EE, 169 g NDF, 1.1 g Ca, and 3.9 g P per kilogram DM, whereas for hulled barley, Pedersen et al. (2007) reported 4,472 kcal GE, 150 g CP, 21 g EE, 69 g ADF, 187 g NDF, 1.3 g Ca, and 4.5 g P per kilogram DM. The variation in concentrations of components within and among hulled and hulless barley described above reflect changes in barley genetics over time and differences in traits selected for, growing seasons, weather conditions, and soil fertility levels. Barley AA concentrations reported by Jorgensen et al. (1997) and McCann et al. (2006) as well as average values published by the NRC (2012) are similar to those for barley used in the current study. By analysis, the GE (4,543 kcal/kg DM) and CP (118 g/kg DM) of the sorghum used in Exp. 2 were astoundingly similar to the 4,530 kcal/kg DM and 113 g/kg DM, 4,523 kcal/kg DM and 115 g/kg DM, and 4,523 kcal/kg DM and 112 g/kg DM reported by Lin et al. (1987) , Pedersen et al. (2007) , and Cervantes-Pahm et al. (2014) , respectively. Furthermore, the AA composition of sorghum reported by Nyannor et al. (2007) and the average values published by the NRC (2012) are similar to those for sorghum used in the current study. Similar to the analyzed GE concentration (4,456 kcal/kg DM) of the wheat used in Exp. 3 of the current studies, 4,450, 4,466, and 4,482 kcal/kg DM were reported for the studies of Lin et al. (1987) , Pedersen et al. (2007) , and CervantesPahm et al. (2014) , respectively, but GE greater than 4,600 kcal/kg DM were reported in Zijlstra et al. (1999) and by the NRC (2012). The concentration of CP at 108 g/kg DM wheat was lower than the range of 140 to 160 g CP/kg reported by Lin et al. (1987) , Zijlstra et al. (1999) , Qiao and Thacker (2001) , and Pedersen et al. (2007) . Wheat containing more than 110 g CP/kg is commonly classified as hard red spring as higher CP contents in spring wheat than in winter wheat are due to the negative correlation between CP content and grain yield, with varieties of winter wheat having higher yields than spring wheat (NRC, 2012; Rosenfelder et al., 2013) . The variation in composition of cereal grains discussed above underscores the need for routine in vivo feed evaluation experiments to provide estimates reflective of the changes, over time, in genetics and growing conditions. Although the starting weight of pigs in each of the 3 experiment was similar across treatments, providing feed at approximately 4% of BW for the duration of the 3 balance studies resulted in a lower final BW when the 97% grain diet was fed compared with diets in which grains were substituted into the RD. Similar observations have been reported (Jorgensen et al., 1997; Adeola and Bajjalieh, 1997; Nyannor et al., 2007) . As seen in lower N utilization, diets composed of 97% grain differ from grain-protein supplement diets in the AA profile for supporting growth process, which led to some differences in BW gain during the balance studies. Consistent with the relatively high fiber in barley, increasing substitution of the RD with barley reduced DM digestibility and retention. McCann et al. (2006) and Regmi et al. (2008) also reported decreased DM digestibility in diets containing barley fed to pigs. Also consistent with the relatively high fiber in barley, DM digestibility and retention were lower in the sole barley diet containing 97% barley than in the diet in which 60% of the RD was replace by barley. However, substitution of the ingredients supplying energy in the RD with sorghum or wheat did not affect DM digestibility or retention and is in agreement with previous reports (Lin et al., 1987; Zijlstra et al., 1999; Nyannor et al., 2007; Cervantes-Pahm et al., 2014) . When barley was substituted for the ingredients supplying energy in the RD, there were linear decreases in total tract digestibility of DM, N, and energy as well as metabolizability of DM, N, and energy. The decreases in digestibility and metabolizability of DM and energy are presumably related to the relatively high fiber concentration in barley when compared with the sorghum and wheat studies in which increasing substitution of sorghum or wheat into the RD did not affect digestibility or metabolizability of DM and energy. Soluble fibers, particularly β-glucans and arabinoxylans, present in barley (Annison and Choct, 1991) have antinutritional properties that induce viscosity, limit gastrointestinal enzyme access to substrates, and reduce absorption of digested nutrients (Adeola and Bedford, 2004) . As a consequence, utilization of nutrients and energy, as observed in this study, is reduced. Furthermore, the digestibility of fiber for pigs is generally lower compared with other nutrients and negatively influences digestion of other nutrients.
Substitution of the energy-yielding ingredients in the RD with sorghum at 300 or 600 g/kg of diet did not affect total tract digestibility and metabolizability of DM or energy in growing pigs during the study. The total tract digestibility of DM and energy for pigs fed sorghum diets in this study is consistent with the observations of Louis et al. (1991) , Shelton et al. (2004) , and Nyannor et al. (2007) . As observed in the sorghum experiment, DM and energy digestibility of the experimental diets were not affected by replacement of the feedstuffs that supply energy in the RD with wheat at 300 or 600 g/kg of diet. This may be attributed to the fact that wheat DM and energy digestibility was similar to that of the RD, which was formulated to meet the requirements for growing pigs. This observation is consistent with the reports of Sauber and Owens (2001) , who pointed out that the DE of wheat (3,400 kcal/kg) is similar to the energy requirement of growing pigs (3,400 kcal/kg of diet). Wu and Ewan (1979) reported a linear improvement in DM and energy digestibility of diets fed to pigs with increasing wheat inclusion. However, the RD used included 71% soybean meal, which contains a high level of raffinose and stachyose that have been shown to contain antinutritive factors that affect energy and protein digestibility (Veum and Odle, 2001) . Wheat inclusion may therefore have increased energy and DM digestibility of their diets by replacing soybean meal and reducing these antinutritive compounds.
The calculated DE and ME of the RD used in the 3 studies were 3,900 and 3,760 kcal/kg, respectively, on a DM basis. These values compare with the analyzed DE and ME of the RD used in the barley, sorghum, and wheat studies, which were 3,840 and 3,765 kcal/ kg DM, 4,010 and 3,930 kcal/kg DM, and 4,000 and 3,910 kcal/kg DM, respectively. In some instances of feedstuff evaluation, the test feedstuff cannot be fed for a long enough period of time to determine the digestibility of the component of interest. Also, it may be impossible, with the feedstuffs available, to formulate the diet with the test feedstuff alone supplying all the component of interest. The diets are therefore formulated with other feedstuffs, in addition to the test feedstuff, also supplying the component of interest. These diets are offered to pigs in a digestion study using either the total collection method or the index method. However, because feedstuffs other than the test feedstuff supply the component of interest in the diet, digestibility for the component of interest in the test feedstuff is calculated using the difference (indirect) approach. Digestibility determined using the difference approach assumes that the feedstuffs supplying the same compo- 1 Pooled SEM across the values generated from direct and regression methods. The SEM in each of direct method-and regression method-derived values for barley were 43 and 37, 41 and 35, and 41 and 35 in each of DE, ME, and ME n , respectively. Corresponding values for sorghum were 46 and 42, 43 and 39, and 41 and 37, respectively, and those for wheat were 44 and 40, 39 and 35, and 37 and 33, respectively. 2 ME n = N-corrected ME.
nent in the total diet do not interact with one another to enhance or depress the digestibility of that component, that is, there are no associative effects among feedstuffs supplying the same component in the total diet. In the barley study, the DE, ME, and ME n of the sole barley diet were 3,555, 3,481, and 3,413 kcal/kg DM, respectively. Given that the sole barley diet contained 97% barley, these translate to DE, ME, and ME n of 3,669, 3,593, and 3,522 kcal/kg barley DM, respectively, by the direct method. Corresponding energy values using the regression method were 3,746 kcal DE, 3,647 kcal ME, and 3,590 kcal ME n per kilogram barley DM.
The energy values derived from the direct and the regression methods were not different. For the sorghum study, energy values derived from the direct and the regression methods were not different, with direct method-derived and regression method-derived DE, ME, and ME n being 4,097 and 4,145, 4,042 and 4,066, and 3,968 and 4,005 kcal/kg DM, respectively. The DE, ME, and ME n of the sole wheat diet were 3,830, 3,768, and 3,704 kcal/kg DM, respectively. Given that the sole wheat diet contained 97% wheat, these translate to DE, ME, and ME n of 3,953, 3,889, and 3,823 kcal/kg wheat DM, respectively, by the direct method. Using the regression method, corresponding energy values were 3,960 kcal DE, 3,874 kcal ME, and 3,818 kcal ME n per kilogram wheat DM, respectively. Again, the energy values derived from the direct and the regression methods were not different. Reports of the energy values of barley, sorghum, and wheat determined using the direct method abound in the literature. The energy values of barley determined by the direct method in the current study were 3,669, 3,593, and 3,522 kcal/kg DM for DE, ME, and ME n , respectively. Earlier studies reported 3,760 kcal DE, 3,610 kcal ME, and 3,540 kcal ME n per kilogram DM (Wu and Ewan, 1979); 3,440 kcal DE and 3,350 kcal ME per kilogram DM (Lin et al., 1987) ; and 3,447 kcal DE per kilogram DM (Jorgensen et al., 1997) for barley. Studies conducted in the prairies of Canada reported somewhat lower energy values at 3,130 to 3,350 kcal DE, 3,085 to 3,260 kcal ME, and 3,085 to 3,260 kcal ME n , respectively, per kilogram DM (Fairbairn et al., 1999; Qiao and Thacker, 2001; Regmi et al., 2008) for barley. However, Feedipedia (2013) reported DE of 3,540 kcal/kg DM and ME n of 3,420 kcal/kg of DM for barley. Also, the NRC (2012) reported 3,504 kcal DE and 3,418 kcal ME per kilogram DM for barley. When expressed as a percentage, the GE of barley was 82% digestible; the ME:DE ratio and ME n :DE ratio were 98 and 98%, respectively, in the current study. The DE, ME, and ME n of sorghum determined by the direct method in the current study were 4,097, 4,042, and 3,968 kcal/kg DM, respectively. Digestible energy and ME concentrations of 3,940 and 3,850, 4,105 and 4,030, and 3,985 and 3,880 kcal/kg DM, respectively, for sorghum have been reported by Lin et al. (1987) , Nyannor et al. (2007) , and Cervantes-Pahm et al. (2014) , respectively. Furthermore, for sorghum, values reported in Feedipedia (2013) were 3,848 kcal DE and 3,752 kcal ME n per kilogram DM and values reported by the NRC (2012) were 4,022 kcal DE and 3,951 kcal ME per kilogram DM. The ratio of DE:GE for sorghum in the current study was 0.9 and the DE:ME and ME:ME n ratios were 0.99 and 0.98, respectively. The DE, ME, and ME n values determined for wheat in the current study were 3,953, 3,889, and 3,823 kcal/ kg wheat DM, respectively, by the direct method. In studies reported by Wu and Ewan (1979) , Lin et al. (1987) , Zijlstra et al. (1999) , and Cervantes-Pahm et al. (2014) , energy in wheat was 3,820 kcal DE, 3,630 kcal ME, and 3,690 kcal ME n per kilogram DM; 3,750 kcal DE and 3,650 kcal ME per kilogram DM; 3,915 kcal DE/kg DM; and 4,126 kcal DE and 3,975 kcal ME per kilogram DM, respectively. In a recent review, Rosenfelder et al. (2013) summarized an average of 3,848 kcal DE and 3,752 kcal ME per kilogram DM for spring wheat and 3,896 kcal DE and 3,705 kcal ME per kilogram DM for winter wheat. Energy values reported for wheat in Feedipedia (2013) were 3,800 kcal DE and 3,705 kcal ME n per kilogram DM and those published by the NRC (2012) were 3,993 kcal DE and 3,909 kcal ME per kilogram DM. Digestible energy was 89% GE, ME was 98% of DE, and ME n was 98% of ME for wheat in the current study, which are similar to those reported in studies cited above.
In summary, the DE and ME of barley obtained using the direct method were not different from those obtained using the regression method (3, 953 vs. 3, 960 and 3, 889 vs. 3, 876 kcal/kg DM, respectively) . The direct method-derived DE and ME of sorghum were not different from those derived by the regression method (4,097 vs. 4,145 and 4,042 vs. 4,066 kcal/kg DM, respectively). The DE and ME of wheat using the direct method (3,953 and 3,889 kcal/kg DM, respectively) were not different from those obtained using the regression method (3,960 and 3,874 kcal/kg DM, respectively). Therefore, the regression method presents a robust indirect technique in situations when the direct approach is not suitable. Adeola, O. 2001 
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